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METHODS AND APPARATUS FOR 
DYNAMICALLY RECONFIGURING A CHARGE 

PUMP DURING OUTPUT TRANSIENTS 

BACKGROUND 

[0001] Many integrated circuits require multiple power 
supply voltage levels for normal device operation. For 
example, an integrated circuit may contain certain types of 
semiconductor memories that require a “Write voltage” of 
about 8 volts, yet other operations of the memory circuits, 
including “read” operations, require a voltage of only about 
3 volts. In the past, tWo different poWer supplies often Would 
be used to operate such a device. Today, hoWever, such 
integrated circuits typically require only a single poWer 
supply voltage, and include on-chip circuitry to generate a 
“boosted” voltage having a magnitude greater than the 
poWer supply voltage. For example, many modern inte 
grated circuits use a single poWer supply voltage VDD of 
about 2.5-3.3 volts to poWer most of the device, including 
the normal read operation circuits, and also include an 
on-chip voltage generator that provides a boosted voltage 
VPP of about 8 volts for Write operations. Such on-chip 
voltage generators are often implemented as capacitive 
voltage multiplier circuits commonly called “charge 
pumps.” 

[0002] Referring noW to FIG. 1, an exemplary previously 
knoWn multi-stage charge pump is described. Charge pump 
10 includes charge pump stages 12a-12d coupled in series 
betWeen input voltage VIN and output voltage VOUT. Charge 
pump stages 12a-12d each include a charge transfer device, 
such as diodes 14a-14d, respectively, and a pump capacitor, 
such as capacitors C A-CD, respectively. A complementary 
pair of non-overlapping clock signals CLK and CIJK are 
provided to drive the various pump capacitors. In particular, 
charge pump stages 12a and 120 are driven by the CLK 
signal, Whereas pump stages 12b and 12d are driven by the 
Q signal. Isolation diode 16 couples the output of the 
?nal charge pump stage 12d to output node VOUT, Which is 
shoWn With a capacitive load CLOAD coupled to GROUND. 
If clock signals CLK and CLK are driven by signals that 
sWing betWeen a high level of VIN and a loW level of 
GROUND, charge pump circuit 10 generates an output 
voltage VOUT that is boosted above VIN. The price paid for 
achieving an increased output voltage, hoWever, is higher 
input current requirements. 

[0003] For some circuit applications, such as in memory 
devices, the transient response of the charge pump is one of 
the factors that limit hoW fast the memory can be read or 
Written. To provide faster read and Write times, therefore, it 
often is desirable to reduce the charge pump’s transient 
response time. The transient response time of charge pump 
10 may be reduced by increasing output current IOUT. As 
mentioned above, hoWever, increasing the output current 
further increases input current IIN. For some circuit appli 
cations, input current is limited, Which thus limits the 
amount by Which the charge pump’s output current can be 
increased to improve the circuit’s transient response. 

[0004] One previously knoWn technique for overcoming 
this limitation is to taper the capacitors used in each charge 
pump stage. That is, referring again to FIG. 1, the siZe of 
pump capacitors C A-CD may be tapered so that 
C A>CB>CC>CD. In steady-state, hoWever, the current in 
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stages 12a-12d are equal, and are limited by the current 
capacity of the smallest stage. Thus, if CD=C, the steady 
state output current of charge pump 10 With tapered pump 
capacitors is approximately equal to the circuit With non 
tapered capacitors. Therefore, although increasing the siZe 
of pump capacitor C A helps improve the transient response 
of charge pump 10, this large capacitor does not add any 
additional steady-state current capacity, and merely con 
sumes a large amount of area on the integrated circuit. 

[0005] In vieW of the foregoing, it Would be desirable to 
provide methods and apparatus that improve the transient 
response of a charge pump circuit Without increasing capaci 
tor siZe. 

[0006] It further Would be desirable to provide methods 
and apparatus that improve the transient response of a charge 
pump circuit Without exceeding input current limits. 

SUMMARY 

[0007] Methods and apparatus in accordance With this 
invention control a charge pump system comprising a plu 
rality of charge pump stages, With each charge pump stage 
coupled betWeen an input voltage VIN at an input voltage 
node and an output voltage VOUT at an output voltage node. 
In one exemplary embodiment, the con?guration of the 
charge pump circuits are changed during a transition on 
VOUT from a ?rst voltage to a second voltage to improve the 
circuit’s transient response. 

[0008] In particular, the number of charge pump stages 
coupled to the input voltage node and the output voltage 
node may be dynamically changed during the transition on 
VOUT from the ?rst voltage to the second voltage. A ?rst 
plurality of charge pump stages may be coupled to the input 
voltage node and the output voltage node to increase VOUT 
to a ?rst intermediate voltage betWeen the ?rst and second 
voltages, and then a second plurality of charge pump stages 
may be coupled to the input voltage node and the output 
voltage node to increase VOUT to a second intermediate 
voltage betWeen the ?rst and second voltages. Alternatively, 
a ?rst plurality of charge pump stages may be coupled to the 
input voltage node and the output voltage node to increase 
VOUT to a ?rst intermediate voltage betWeen the ?rst and 
second voltages, and then a second plurality of charge pump 
stages may be coupled to the input voltage node and the 
output voltage node to increase VOUT to the second voltage. 

[0009] In an alternative exemplary embodiment, the fre 
quency of the clock signals supplied to the charge pump 
stages may be dynamically changed during the transition on 
VOUT from the ?rst voltage to the second voltage. In 
particular, clock signals at a ?rst frequency are provided to 
the charge pump stages to increase VOUT to a ?rst interme 
diate voltage betWeen the ?rst and second voltages, and then 
clock signals at a second frequency may be provided to the 
charge pump stages to increase VOUT to a second interme 
diate voltage betWeen the ?rst and second voltages. 

[0010] In another exemplary embodiment, the pump 
capacitor values in the charge pump stages may be dynami 
cally changed during the transition on VOUT from the ?rst 
voltage to the second voltage. In particular, a ?rst plurality 
of charge pump stages having a ?rst set of pump capacitor 
values may be coupled to the input voltage node and the 
output voltage node to increase VOUT to a ?rst intermediate 
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voltage between the ?rst and second voltages, and then a 
second plurality of charge pump stages having a second set 
of pump capacitor values may be coupled to the input 
voltage node and the output voltage node to increase VOUT 
to the second voltage. The ?rst or second set of pump 
capacitor values may be tapered values. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above-mentioned objects and features of the 
present invention can be more clearly understood from the 
folloWing detailed description considered in conjunction 
With the folloWing draWings, in Which the same reference 
numerals denote the same elements throughout, and in 
Which: 

[0012] FIG. 1 is a diagram of a previously knoWn charge 
Pump; 

[0013] FIG. 2 is a diagram of an exemplary dynamically 
recon?gurable charge pump in accordance With this inven 
tion; 
[0014] FIG. 3 is a diagram of exemplary output current 
versus output voltage response curves for various exemplary 
charge pump con?gurations; 

[0015] FIG. 4A is a diagram of an exemplary con?gura 
tion of the circuit of FIG. 2 during a ?rst exemplary time 
interval; 
[0016] FIG. 4B is a diagram of an exemplary con?gura 
tion of the circuit of FIG. 2 during a second exemplary time 
interval; 
[0017] FIG. 4C is a diagram of an exemplary con?gura 
tion of the circuit of FIG. 2 during a third exemplary time 
interval; 
[0018] FIG. 4D is a diagram of an exemplary con?gura 
tion of the circuit of FIG. 2 during a fourth exemplary time 
interval; and 

[0019] FIG. 5 is a diagram of an exemplary control system 
for use With dynamically recon?gurable charge pumps in 
accordance With this invention. 

DETAILED DESCRIPTION 

[0020] Referring again to FIG. 1, if pump capacitors 
CA-CD all have the same value C, if second-order effects are 
ignored, and assuming ideal diodes having a threshold 
voltage of 0V, the output voltage and output current of 
charge pump 10 may be expressed as: 

IOUT(l)=c(AV(l))fcLk (2) 

Where n is the number of series-coupled charge pump stages 
12a-12d, AV(t) is the voltage change per charge pump stage 
12a-12d, and f01k is the clock frequency of clock signals 
CLK and CLK. 

[0021] The price paid for achieving an increased output 
voltage, hoWever, is higher input current requirements. In 
particular, if second-order effects are ignored, the input 
current of charge pump 10 may be expressed as: 

IIN(Z)=(”+1)IOUT(Z) (3) 

[0022] The transient response time of charge pump 10 
may be reduced by increasing output current IOUT. As 
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indicated by equation (3), hoWever, each l-unit increase in 
output current IOUT requires an (n+l)-unit increase in input 
current IIN. For some circuit applications, input current is 
limited, Which thus limits the amount by Which the charge 
pump’s output current can be increased to improve the 
circuit’s transient response. 

[0023] One previously knoWn technique for overcoming 
this limitation is to taper the capacitors used in each charge 
pump stage. That is, referring again to FIG. 1, the siZe of 
pump capacitors C A-CD may be tapered so that 
C A>CB>CC>CD. In steady-state, hoWever, the current in 
stages 12a-12d are equal, and are limited by the current 
capacity of the smallest stage: 

IOUT(Z)=CDA Winn. (4) 

[0024] Thus, if CD=C, the steady-state output current of 
charge pump 10 With tapered pump capacitors is approxi 
mately equal to the circuit With non-tapered capacitors. 
Therefore, although increasing the siZe of pump capacitor 
CA helps improve the transient response of charge pump 10, 
this large capacitor does not add any additional steady-state 
current capacity, and merely consumes a large amount of 
area on the integrated circuit. 

[0025] Methods and apparatus in accordance With this 
invention change the con?guration of the charge pump 
during a transition on VOUT from a ?rst voltage to a second 
voltage to improve the circuit’s transient response. Referring 
noW to FIG. 2, an exemplary dynamically con?gurable 
charge pump in accordance With this invention is described. 
In particular, charge pump 20 includes k charge pump stages 
121, 122, . . . , 12k, and clock generator 22. Each charge 

pump stage 121, 122, . . . , 12k is coupled to input node VIN 
via a corresponding input sWitch Sil, Si2, . . . , Sik, 

respectively, and to output node VOUT via a corresponding 
output sWitch So 1, S02, . . . , Sok, respectively. Further, each 

of charge pump stages 122, 123, . . . , 12k is coupled to the 
immediately preceding stage by a corresponding coupling 
sWitch Sc 1, Sc2, . . . , Sck, respectively. Although not shoWn 

in FIG. 2, each charge pump stage 121, 122, . . . , 12k 
includes corresponding pump capacitor C1, C2, . . . , Ck, 
respectively. Clock generator 22 generates non-overlapping 
clock signals CLK and CLK at a frequency fclko, and that are 
alternately applied to charge pump stage 121, 122, . . . , 12k. 

[0026] Input sWitches Sil, Si2, . . . , Sik, output sWitches 
Sol, S02, . . . , Sok, and coupling sWitches Scl, Sc2, . . . , Sck 

may be used to modify the con?guration of charge pump 
stages 121, 122, . . . , 12k. For example, ifinput sWitches Sil, 
Si2, . . . , Sik are all CLOSED, output sWitches Sol, S02, . . 

. , Sok are all CLOSED and coupling sWitches Scl, Sc2, . . 

. , Sck are all OPEN, charge pump stages 121, 122, . . . , 12k 
are all coupled in parallel betWeen input node VIN and output 
node VOUT. Alternatively, if input sWitch Si 1, coupling 
sWitches Sc2, Sc3, . . . , Sck, and output sWitch Sok are all 
CLOSED, and all other sWitches are OPEN, charge pump 
stages 121, 122, . . . , 12k are all coupled in series betWeen 

input node VIN and output node VOUT. 

[0027] Further, input sWitches Sil, Si2, . . . , Sik, output 
sWitches Sol, S02, . . . , Sok, and coupling sWitches Scl, Sc2, 
. . . , Sck may be independently programmed to couple any 

number of charge pump stages 121, 122, . . . , 12k in series 
or parallel. Thus, if sWitches Sil, Sc2 and So2 are CLOSED, 
and all other sWitches are OPEN, charge pump stages 12l 
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and 122 are coupled in series between input node VIN and 
output node VOUT, and all other charge pump stages 123, . 
. . , 12k are disconnected. Alternatively, if sWitches Si1, Si2, 
Si3, So 1, So2 and So3 are OPEN, and all other sWitches are 
closed, charge pump stages 121, 122 and 123 are coupled in 
parallel betWeen input node VIN and output node VOUT, and 
all other charge pump stages 124, . . . , 12k are disconnected. 

[0028] As used herein, i charge pump stages 121, 122, . . 
. , 12i coupled in series are referred to as an ith-order charge 

pump, With n=i. Thus, a ?rst-order charge pump includes a 
single charge pump stage 121, With n=l. In contrast, a 
fourth-order charge pump includes four series-coupled 
charge pump stages 121, 122, 123, 124, With n=4. 

[0029] In accordance With an embodiment of this inven 
tion, input sWitches Sil, Si2, . . . , Sik, output sWitches Sol, 
S02, . . . , Sok, and coupling sWitches Sc1, Sc2, . . . , Sck may 

be dynamically controlled to change the con?guration of 
charge pump stages 121, 122, . . . and 12k during a transition 
on VOUT to improve the transient response of charge pump 
20. In general, during a transition on VOUT from a ?rst 
voltage VA to a second voltage VB, the series/parallel 
con?guration of m charge pump stages 121, 122, . . . , 12m 
may be dynamically recon?gured as folloWs: 

TABLE 1 

Time Con?guration n AVOUT 

0 § t < t1 m ?rst-order charge pumps 1 VA to V1 
coupled in parallel 

t1 2 t < t2 m/2 second-order charge pumps 2 V1 to V2 
coupled in parallel 

t2 2 t < t3 m/3 third-order charge pumps 3 V2 to V3 
coupled in parallel 

t3 2 t < t4 m/4 fourth-order charge pumps 4 V3 to V4 
coupled in parallel 

tJ-il 2 t < ti 1 mth-order charge pump m VJ;l to VB 

That is, during a ?rst time interval 0§t<t1, m ?rst-order 
charge pumps may be coupled in parallel to increase VOUT 
from V A to V1; during a second time interval tl §t<t2, m/2 
second-order charge pumps may be coupled in parallel to 
increase VOUT from V1 to V2; during a third time interval 
t2§t<t3, m/3 third-order charge pumps may be coupled in 
parallel to increase VOUT from V2 to V3, and so on until 
during a jth time interval tJ-_l §t<tJ-, a single mth-order charge 
pump may be used to increase VOUT from VJ-_l to VB. 
Persons of ordinary skill in the art Will understand that the 
number m of charge pump stages and the number j of time 
intervals may be the same, or may be different. 

[0030] In contrast to previously knoWn techniques that use 
a single mth-order charge pump to increase VOUT from V A 
to VB, methods and apparatus in accordance With this 
embodiment of the invention dynamically recon?gure 
charge pump 20 from loWer-order con?gurations to higher 
order con?gurations during a transition on VOUT. In this 
regard, during the initial period of the voltage transient, 
multiple loWer-order charge pumps are coupled in parallel to 
boost the output current, While maintaining relatively mod 
est input current requirements. 

[0031] Various techniques may be used to determine When 
and hoW charge pump 20 should be recon?gured. For 
example, charge pump 20 may be dynamically recon?gured 
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to maximize output current IOUT. In particular, FIG. 3 
illustrates exemplary output current IOUT versus output volt 
age VOUT response curves 24a-24d for ith-order, jth-order, 
kth-order and lth-order charge pump con?gurations, respec 
tively, Where i<j<k<l. As the diagram illustrates, for VOUT 
less than Vxl, the ith-order charge pump provides the 
maximum output current IOUT. For Vxl<VOUT§Vx2, the 
jth-order charge pump provides the maximum output current 
IOUT. For Vx2§VOUT<Vx3, the kth-order charge pump 
provides the maximum output current IOUT. And for 
VOUTZVX3, the lth-order charge pump provides the maxi 
mum output current IOUT. Thus, to maximiZe output current 
during a transition on VOUT, charge pump 20 may be 
sWitched from a loWer-order con?guration to a higher-order 
con?guration When the higher-order con?guration provides 
greater output current IOUT. The value of VOUT at Which the 
circuit recon?guration occurs is referred to herein as the 
“crossover voltage.” 

[0032] Thus, from Table 1, above, charge pump 20 may be 
sWitched from the ?rst-order con?guration to the second 
order con?guration at crossover voltage V1, at Which point 
the output current IOUT of the second-order con?guration 
exceeds the output current of the ?rst-order con?guration. 
Similarly, charge pump 20 may be sWitched from the 
second-order con?guration to the third-order con?guration 
When VOUT reaches crossover voltage V2, at Which point the 
output current IOUT of the third-order con?guration exceeds 
the output current of the second-order con?guration. 
Because the dynamically recon?gured charge pump 20 
maintains high output current IOUT, the circuit can achieve 
a shorter transient response time than a comparable previ 
ously knoWn static charge pump. 

[0033] Persons of ordinary skill in the art Will understand 
that all con?gurations need not be used. For example, if 
m=8, the ?rst-order con?guration may be used until VOUT 
reaches a ?rst crossover voltage, the second-order con?gu 
ration may be used until VOUT reaches a second crossover 
voltage, the fourth-order con?guration may be used until 
VOUT reaches a third crossover voltage, and the eighth-order 
con?guration may be used until VOUT reaches the ?nal 
desired output voltage. 

[0034] The crossover voltage at Which m/b, bth-order 
charge pump stages provide greater output current IOUT than 
m/a, ath-order charge pump stages (b>a) may be determined 
using the following equation: 

Vxover = VIN R R 
b — a 

Where VIN is the input voltage to charge pump 20, na is the 
number of charge pump stages n for the ath-order con?gu 
ration, nb is the number of charge pump stages n for the 
bth-order con?guration, and Ra and Rb are given by: 
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Where Cx is the pump capacitor and fclkx is the clock 
frequency of clock signals CLK and CIJK of the xth-order 
con?guration. 
[0035] If second-order effects are ignored, and assuming 
ideal diodes having a threshold voltage of Zero volts, the 
output voltage VOUT(t) of an ath-order con?guration is given 
by: 

1 (7) RLOAD a, 
+ VIN/TB T 

Where VINIT is the initial value of VOUT, RLOAD is the load 
resistance at node VOUT, and "c is a time constant given by: 

Rum) ) (3) 
T = RaCLOAD(m a A 

Thus, the time required for an ath-order con?guration to 
increase VOUT from a ?rst voltage Va1 to a second voltage 
Va2 is given by: 

RLOAD RwAD 
T i : RC 

Val v.12 bOAD(Ra + RwAD (n + UVIN _ V 2(Ra + RLOAD) a a 4 

RLOAD 

Where CLOAD is the load capacitance at node VOUT. 

[0036] To illustrate these techniques, an exemplary opera 
tion of charge pump 20 is described, under the folloWing 
conditions: 

TABLE 2 

Parameter Value 

VIN 3 V 
VOUT 15 V 
C1=C2=...=Cn=C lpF 
fclk 2 GHZ 
ROUT 50 k9 
COUT 10 HF 

[0037] First, the number of required charge pump stages In 
may be determined from the folloWing formula: 

m: 
(VOL/T — VIN) ] (10) 

VOUT 
VIN — i 

RLOAD Cstagefclk 

Where CStage is the value of pump capacitor C. Solving 
equation (10) using the values in Table 2, We determine that 
m=8 charge pump stages 121, 122, . . . , 128 are required to 
generate an output voltage VOUT= 1 5V from an input voltage 

[0038] The In charge pump stages may be dynamically 
con?gured in any one of multiple Ways. For example, charge 
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pump stages 121, 122, . . . , 128 may be dynamically 

con?gured using ?rst-order, second-order, fourth-order and 
eighth-order con?gurations. From equations (5) and (6), 
above, the crossover voltages for each of these con?gura 
tions are: 

TABLE 3 

Con?guration n VXover (volts) 

?rst-order l 5 
second-order 2 7 
fourth-order 4 l l 
eighth-order 8 15 

[0039] Referring noW to Table 3 and FIG. 4, an exemplary 
technique for dynamically recon?guring charge pump 20 is 
described. In particular, as illustrated in FIG. 4A, assuming 
that VOUT has an initial value of 3V, during a ?rst time 
interval T1, 8 ?rst-order charge pumps are coupled in 
parallel to increase VOUT from 3 to 5V. Next, as illustrated 
in FIG. 4B, during a second time interval T2, 4 second-order 
charge pumps are coupled in parallel to increase VOUT from 
5 to 7V. Next, as illustrated in FIG. 4C, during a third time 
interval T3, 2 fourth-order charge pumps are coupled in 
parallel to increase VOUT from 7 to 11V. Finally, as illus 
trated in FIG. 4D, during a fourth time interval T4, 1 
eighth-order charge pump is used to increase VOUT from 11 
to 15V. From equation (9), above, the four time intervals 
may be determined to be: Tl=0.69 usec, T2=l.75 usec, 
T3=7.l8 usec and T4=l2.46 usec, for a total transient 
response time of approximately 22.08 usec. In contrast, if a 
single eighth-order charge pump Were used to increase VOUT 
from 3V to 15V, the corresponding transient response time 
Would be approximately 29.20 usec, or approximately 32% 
longer than the exemplary dynamically-recon?gured charge 
Pump 

[0040] Persons of ordinary skill in the art Will understand 
that other techniques may be used to determine When and 
hoW charge pump 20 should be recon?gured. For example, 
charge pump 20 may be dynamically recon?gured to 
increase output current IOUT, While simultaneously limiting 
input current requirements. Thus, in the example described 
above for m=8, to meet input current limits, charge pump 20 
may be con?gured using six, ?rst-order charge pumps 
during a ?rst time interval, four, second-order charge pumps 
during a second time interval, tWo, third-order charge pumps 
for a third time interval, and so on. Alternatively, if m=6, 
charge pump 20 may be con?gured using 1 third-order 
charge pump during a ?rst time interval, and l sixth-order 
charge pump during a second time interval. This latter 
technique may be used to avoid a high input current demand 
during the ?rst time interval. 

[0041] In addition, persons of ordinary skill in the art Will 
understand that other techniques may be used to dynami 
cally recon?gure charge pump circuit 20 during a transition 
on VOUT. In particular, referring again to FIG. 2, if clock 
generator 22 has a variable clock frequency folk, the clock 
frequency may be modi?ed along With the con?guration of 
charge pump stages 121, 122, . . . , 12k to improve the 
transient response of charge pump circuit 20. For example, 
if the output current of each charge pump stage 121, 122, . 
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. . , 12k is IOUTO for fclk=2 GHZ, from equation (2), above, 
if f01k is increased to p><fclk, then output current IOUT=p>< 
IOUTO ' 

[0042] Thus, using the values from Table 2, above, With 
m=8, to increase VOUT from 3 to 15V, charge pump 20 may 
be dynamically modi?ed during the transient interval as 
folloWs: During a ?rst during a ?rst time interval T 1', a single 
charge pump stage 121 may be clocked at 8><f01k to increase 
VOUT from 3 to 5V. During a second interval T2‘, a single 
second-order charge pump may be clocked at 4><f01k to 
increase VOUT from 5 to 7V. During a third interval T3‘, a 
single fourth-order charge pump may be clocked at 2><f01k to 
increase VOUT from 7 to 11V. Finally, during a fourth 
interval T3‘, a single eighth-order charge pump may be 
clocked at f01k to increase VOUT from 11 to 15V. 

[0043] Persons of ordinary skill in the art Will also under 
stand that still other techniques may be used to dynamically 
recon?gure charge pump circuit 20 during a transition on 
VOUT. For example, referring again to FIG. 2, if charge 
pump stages 121, 122, . . . , 12k each include an array of 
sWitchable unit pump capacitors C, the siZe of pump capaci 
tors C1, C2, C3, . . . , Ck may be dynamically modi?ed along 
With the con?guration of the charge pump stages to improve 
the transient response of charge pump circuit 20. For 
example, With m=4, during a ?rst time interval Tl", a 
fourth-order charge pump may be con?gured With C1=8 
units, C2=4 units, C2=2 units and C4=l unit to increase VOUT 
from a ?rst voltage to an intermediate voltage. During a 
second time interval, T2", the fourth-order charge pump may 
be con?gured With Cl=l unit, C2=l unit, C2=l units and 
C4=l unit to increase VOUT from the intermediate voltage to 
a second voltage. In this regard, charge pump circuit 20 may 
be a dynamically-taperable charge pump. 

[0044] Persons of ordinary skill in the art Will understand 
that various techniques may be used to control the recon 
?guration of charge pump circuit 20. For example, as 
illustrated in FIGS. 2 and 5, charge pump circuit 20 may 
include a multi-bit input signal node SWITCH that may be 
used to control input sWitches Sil, Si2, . . . , Sik, output 

sWitches Sol, S02, . . . , Sok, and coupling sWitches Scl, Sc2, 
. . . , Sck. Additionally, clock generator 22 may include a 

multi-bit input signal node FREQ that may be used to 
control the frequency of clock signals CLK and CEK. A 
control circuit 26 may be coupled to input signal VIN, output 
signal VOUT and a control signal VDES, and may be used to 
generate control signals FREQ and/ or SWITCH for control 
ling the output voltage and/or output current of charge pump 
circuit 20. VDES may be a control signal that speci?es a 
desired output voltage VOUT. For example, VDES may have 
a ?rst value corresponding to a memory READ mode (e.g., 
VOUT=4 V), and a second value that corresponds to a 
memory WRITE mode (e.g., VOUT=8V). Control circuit 26 
may include any Well-knoWn control circuitry that may 
provide closed-loop and/or open-loop control of charge 
pump circuit 20 and/or clock generator 22. 

[0045] For example, control circuit 26 may provide 
closed-loop feedback control. In particular, if VOUT is at a 
?rst voltage V A, and control signal VDES speci?es that the 
output voltage should be a second voltage VB, control circuit 
26 may sense the output voltage (or current), and generate 
control signals FREQ and/ or SWITCH to recon?gure charge 
pump 20 during the transition on VOUT. Alternatively, 
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control circuit 26 may provide open-loop control. In par 
ticular, during a transition on VOUT from a ?rst voltage V A 
to a second voltage VB, control circuit 26 may generate 
control signals FREQ and/or SWITCH to con?gure charge 
pump 20 in a ?rst con?guration for a ?rst predetermined 
time period, a second con?guration for a second predeter 
mined time period, a third con?guration for a third prede 
termined time period, and so on. This control technique may 
be useful at startup to reduce initial current spikes. In 
addition, control circuit 26 may sense the voltage (or cur 
rent) at input node VIN, compare the sensed voltage (or 
current) to a reference voltage (or current), and generate 
control signals FREQ and/ or SWITCH to recon?gure charge 
pump 20 based on the deviation betWeen the sensed value 
and the reference value. Persons of ordinary skill in the art 
Will understand that this technique may be combined With 
other control techniques. 

[0046] The foregoing merely illustrates the principles of 
this invention, and various modi?cations can be made by 
persons of ordinary skill in the art Without departing from 
the scope and spirit of this invention. 

1. A method for controlling a charge pump system com 
prising a plurality of charge pump stages, each charge pump 
stage coupled betWeen an input voltage VIN at an input 
voltage node and an output voltage VOUT at an output 
voltage node, the method comprising: 

changing a con?guration of the charge pump stages 
during a transition on VOUT from a ?rst voltage to a 
second voltage. 

2. The method of claim 1, Wherein changing the con?gu 
ration comprises coupling one of the charge pump stages to 
the input voltage node and the output voltage node to 
increase VOUT to a ?rst intermediate voltage betWeen the 
?rst and second voltages. 

3. The method of claim 1, Wherein changing the con?gu 
ration comprises coupling a ?rst plurality of the charge 
pump stages to the input voltage node and the output voltage 
node to increase VOUT to a ?rst intermediate voltage 
betWeen the ?rst and second voltages. 

4. The method of claim 3, Wherein changing the con?gu 
ration further comprises coupling a second plurality of the 
charge pump stages to the input voltage node and the output 
voltage node to increase VOUT to a second intermediate 
voltage betWeen the ?rst and second voltages. 

5. The method of claim 1, Wherein changing the con?gu 
ration comprises coupling one of the charge pump stages to 
the input voltage node and the output voltage node during a 
?rst time interval during the transition on VOUT from the ?rst 
voltage to the second voltage. 

6. The method of claim 1, Wherein changing the con?gu 
ration comprises coupling a ?rst plurality of the charge 
pump stages to the input voltage node and the output voltage 
node during a ?rst time interval during the transition on 
VOUT from the ?rst voltage to the second voltage. 

7. The method of claim 6, Wherein changing the con?gu 
ration further comprises coupling a second plurality of the 
charge pump stages to the input voltage node and the output 
voltage node during a second time interval during the 
transition on VOUT from the ?rst voltage to the second 
voltage. 

8. The method of claim 1, Wherein changing the con?gu 
ration comprises controlling a number of the charge pump 
stages coupled to the input voltage node and the output 
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voltage node during the transition on VOUT from the ?rst 
voltage to the second voltage. 

9. The method of claim 1, Wherein changing the con?gu 
ration comprises controlling a frequency of a clock signal 
supplied to the charge pump stages during the transition on 
VOUT from the ?rst voltage to the second voltage. 

10. The method of claim 9, Wherein controlling the clock 
frequency comprises providing a ?rst clock signal at a ?rst 
frequency to the charge pump stages to increase VOUT to a 
?rst intermediate voltage betWeen the ?rst and second 
voltages. 

11. The method of claim 10, Wherein controlling the clock 
frequency further comprises providing a second clock signal 
at a second frequency to the charge pump stages to increase 
VOUT to a second intermediate voltage betWeen the ?rst and 
second voltages. 

12. The method of claim 9, Wherein controlling the clock 
frequency comprises providing a ?rst clock signal at a ?rst 
frequency to the charge pump stages during a ?rst time 
interval during the transition on VOUT from the ?rst voltage 
to the second voltage. 

13. The method of claim 9, Wherein controlling the clock 
frequency further comprises providing a second clock signal 
at a second frequency to the charge pump stages during a 
second time interval during the transition on VOUT from the 
?rst voltage to the second voltage. 

14. The method of claim 1, Wherein: 

the charge pump system supplies an output current TOUT 
at the output voltage node; and 

changing the con?guration maximizes the output current 
TOUT during a transition on VOUT from a ?rst voltage to 
a second voltage. 

15. The method of claim 1, Wherein 

the charge pump system receives an input current lIN at 
the input node, and supplies an output current TOUT at 
the output voltage node; and 

changing the con?guration limits input current lIN 
requirements. 

16. The method of claim 1, Wherein changing the con 
?guration comprises: 

coupling a ?rst plurality of the charge pump stages in 
series during a ?rst time interval during the transition 
on VOUT from the ?rst voltage to the second voltage; 
and 

coupling a second plurality of the charge pump stages in 
series during a second time interval during the transi 
tion on VOUT from the ?rst voltage to the second 
voltage. 

17. A charge pump system comprising a plurality of 
charge pump stages, each charge pump stage coupled 
betWeen an input voltage VIN at an input voltage node and 
an output voltage VOUT at an output voltage node, the charge 
pump system comprising: 

means for dynamically controlling a con?guration of the 
charge pump stages during a transition on VOUT from 
a ?rst voltage to a second voltage. 

18. The system of claim 17, Wherein the means for 
dynamically controlling comprises means for coupling one 
of the charge pump stages to the input voltage node and the 
output voltage node to increase VOUT to a ?rst intermediate 
voltage betWeen the ?rst and second voltages. 
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19. The system of claim 17, Wherein the means for 
dynamically controlling comprises means for coupling a ?rst 
plurality of the charge pump stages to the input voltage node 
and the output voltage node to increase VOUT to a ?rst 
intermediate voltage betWeen the ?rst and second voltages. 

20. The system of claim 19, Wherein the means for 
dynamically controlling further comprises means for cou 
pling a second plurality of the charge pump stages to the 
input voltage node and the output voltage node to increase 
VOUT to a second intermediate voltage betWeen the ?rst and 
second voltages. 

21. The system of claim 17, Wherein the means for 
dynamically controlling comprises means for coupling one 
of the charge pump stages to the input voltage node and the 
output voltage node during a ?rst time interval during the 
transition on VOUT from the ?rst voltage to the second 
voltage. 

22. The system of claim 17, Wherein the means for 
dynamically controlling comprises means for coupling a ?rst 
plurality of the charge pump stages to the input voltage node 
and the output voltage node during a ?rst time interval 
during the transition on VOUT from the ?rst voltage to the 
second voltage. 

23. The system of claim 22, Wherein the means for 
dynamically controlling further comprises means for cou 
pling a second plurality of the charge pump stages to the 
input voltage node and the output voltage node during a 
second time interval during the transition on VOUT from the 
?rst voltage to the second voltage. 

24. The system of claim 17, Wherein the means for 
dynamically controlling comprises means for controlling a 
number of the charge pump stages coupled to the input 
voltage node and the output voltage node during the tran 
sition on VOUT from the ?rst voltage to the second voltage. 

25. The system of claim 17, Wherein the means for 
dynamically controlling comprises means for controlling a 
frequency of a clock signal supplied to the charge pump 
stages during the transition on VOUT from the ?rst voltage to 
the second voltage. 

26. The system of claim 25, Wherein the means control 
ling the clock frequency comprises means for providing a 
?rst clock signal at a ?rst frequency to the charge pump 
stages to increase VOUT to a ?rst intermediate voltage 
betWeen the ?rst and second voltages. 

27. The system of claim 25, Wherein the means for 
controlling the clock frequency further comprises means for 
providing a second clock signal at a second frequency to the 
charge pump stages to increase VOUT to a second interme 
diate voltage betWeen the ?rst and second voltages. 

28. The system of claim 25, Wherein the means for 
controlling the clock frequency comprises means for pro 
viding a ?rst clock signal at a ?rst frequency to the charge 
pump stages during a ?rst time interval during the transition 
on VOUT from the ?rst voltage to the second voltage. 

29. The system of claim 25, Wherein the means for 
controlling the clock frequency further comprises means for 
providing a second clock signal at a second frequency to the 
charge pump stages during a second time interval during the 
transition on VOUT from the ?rst voltage to the second 
voltage. 

30. The system of claim 17, Wherein: 

the charge pump system supplies an output current IOUT 
at the output voltage node; and 
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the means for dynamically controlling maximizes the 
output current IOUT during a transition on VOUT from a 
?rst voltage to a second voltage. 

31. The system of claim 17, Wherein 

the charge pump system receives an input current lIN at 
the input node, and supplies an output current IOUT at 
the output voltage node; and 

the means for dynamically controlling limits input current 
lIN requirements. 

32. The system of claim 17, Wherein the means for 
changing the con?guration comprises: 
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means for coupling a ?rst plurality of the charge pump 
stages in series during a ?rst time interval during the 
transition on VOUT from the ?rst voltage to the second 
voltage; and 

means for coupling a second plurality of the charge pump 
stages in series during a second time interval during the 
transition on VOUT from the ?rst voltage to the second 
voltage. 


